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(71) Wc^ ALFA LAVAL AKTIE 
BOLAG, a Swedish Coxporate Body, of Post- 
fade, S-140 00, Tumba Sweden, do hereby 
declare the invention, for which we pray that 
5 a pat^t may be granted to us, and die mediod 
by which it is to be perfonned, to be particu- 
larly described in and by the following state- 
ment:—* 

Tiiis invention relates to heat exchanger 
10 plates having spacing members in the fonn <^ 
protuberances and d^ressions in the heat ex- 
changing surface. 

Such prMubeiances and dqyressions gener- 
ally serve to create widi reference to a desired 
15 heat transfer ooeffident a distuifoance of the 
flow of the heat exdangqig media across the 
heat exchanging surfaces. Some of the spac- 
ing members in the heat ggritflng m g suinces 
may be of the land adapted to create only 

20 litde disturbance of die flow of the heat 
exchanging media. Spacing members of this 
kind are desiraUe for instance in the so-called 
distribution surfaces of a heat exchanging 
media. It is also desirable sometimes to have 

25 spacing members of this kind all over the heat 
exchanging surface^ particularly when the heat 
exchanging media are to be subjected to only 
a small pressure drop during dieir passage 
through die plate heat exdianger. Ideal heat 

30 exchanger plates of this kind axe difficult to 
provide, however, for the greater free area 
that is left for the flow of me heat exchang- 
ing media across the plates^ the less strength 
the plates will have to resist differences in 

35 pressure between the heat exchanging media. 
According to the invention there is provided 
a plate for a plate heat exchanger, \idierein 
the heat transferring part of the plate com- 
prises a plurality of side-by-side ridges 

40 pressed up from a plane of the plate, and of 
side-by-side grooves forming an an£^ with 
the ridges and depressed from the same plane 
of the plate;, the ridges on one side of the 
plate as well as the ridges on die other side 

45 of the plate formed by the depressed grooves 
being arranged, when two such plates arc 
brought into face-to-face abutting rdationship^ 



to define a plurality of channels for the heat 
exchanging media, each of ixliich diannels 
extends past a number of grooves or ridges 50 
respectively, in the plate. 

The bottran of eadi chaxmel consists of a 
number of paiallelogram-shaped areas placed 
one after the other in a rod, each of which is 
surrounded along its four sides by the ridges 55 
and grooves pressed in different directions. 
The so-called limit of stretching strain for the 
plate material is increased by the provision 
of the ridges and groovesji which may be cold- 
fanned. 50 

The plate material can be made as thin as 
possible for a given difference in pressure be- 
tween two heat exchanging media, and for a 
given flow resistance for these media in the 
finished plate heat exchanger. This is of great 65 
importance from material saving point of view 
and also from the production point of view. 
Also, for the heat transferring ability of the 
heat exchanger plates it is important that they 
are as tbia as possible. 70 

Tte siu^ <rf the ridges and grooves may 
vary in different ways. Thus, the ridges or the 
grooves may extend without discontinuities 
along the 'whole or at least a great part of 
their lengdt Preferably, however, the ridges as 75 
weU as the grooves have discontinuities along 
their lengdis. In a prefbned embodiment, 
ridges and grooves which cross eadi other have 
disomttnuities at the common crossing points, 

the portions of the plate at these discontinuities 80 
preferabfy being situated in the same plane 
as the previously mentioned plane of the plate. 

According to an altenoative embodiment, 
the design is such that the disomtmuities of 
the grooves are formed by. the ridges, the 85 
latter having discontinuities along their lengths 
which are so placed that unbroken portions of 
the plane of the plate extend parallel with 
the grooves through discontinuities in die 
ridges. ^ 

It is not absolutely necessary that a plate 
having an arrangement of spacing members as 
described above is used ti^ether with plates 
of the same Hnd in a plate heat exchanger. 
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However^ the advantages of the described 
desxga axe believed to be utilized ia die best 
way if platra of the same kind axe used. Thea 
die ridges and the grooves should be so f onned 
in each pkte that when two plates are put 
together in a plate heat exchanger in a known 
manner ridges on erne plate will abut; along 
the whole or a part of their lengthy corre- 
sponding parallel ridges m the other plate. 

Several embodiments of a hsax exchanger 
plate in accordance vrith die inventum wiU 
now be described with reference to the accom- 
panying drawings. In the drawings: — 
Figure 1 shows a part of one embodiment 
15 of the heat exchanger plate; 

Figures 2 and 3 are secdonal views taken 
along the lines A— A and B— respectively, 
of Figure 1; 
Figure 4 is a sectional view through three 
20 co-operating plates according to Figure 1; 

Figures 5 to 8 are views corresponding to 
those of Figures 1 to 4 of a second embodi- 
ment; 

Figures 9 to 12 are views corresponding to 
25 diose of Figures 1 to 4, of a third embodi- 
ment; 

Figures 13 and 14 show secdonal views of 
different embodiments of the heat exdumger 
plate; 

Figure 15 shows a plate adapted for heat 
exchange according to the so-called cross flow 
principle; 

Figure 16 shows a plate adapted for heat 
exchange according to the so-called parallel 
flow principle; 

Figure 17 shows the plate of Figure 16, but 
with ridges and grooves arranged as shown in 
Figure 1; 

Figure 18 shows two co-opemting plates 
according to Figure 17; and 

FiguTK 19 to 21 are sectional views taken 
along the lines k— ^k, 1—1 and m— m, respec- 
tively, of Figure 18. 
The embodimait of the plate shown in 
45 Figures 1 to 4 has a plurality of side-by-sidc 
ridges 1 pressed up from a plane 2 of the 
plate, and a plurality of side-by-side grooves 
3, forming an angle <x witfi the ridges 1, de^ 
pressed from the same plane 2 of the plate. 
As can be. seen from Figure 1, the ridges 1 
are continuous along their lengths;, while the 
grooves 3 are interrupted alcmg their lengdis 
by the ridges 1. The pressed-up ridges 1 de^ 
fine between them upwardly open diannds 4 
(Figure 3), the bottoms of which are substan- 
tially constituted by the plane 2 of the plate. 
The bottoms of the channels 4 are formed by 
several parallelogram-shaped areas arranged 
in a row one after the other between the 
ridges 1. 

On the odier side of the plate» where the 
depressed grooves 3 form ridges, which like 
the grooves have discontinuities alcmg their 
lengths, similar channels 5 (Figure 2) aie 
o5 formed having the plane 2 of the plate as 
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theu: bottom. The channels 5 extend between 
the ridges on this side of the plate^ which axe 
formed by the grooves 3- 

Thus, the plate has on one side a plurality 
of parallel channels 4, and oa the otter side 70 
a plurality of diannels 5 forming an angle 
witii die channels 4. The channels 4, 5 form 
flowpaths along their respective longitudinal 
directions for the flow of two heat exchang- 
ing me dia separated by the plate. 75 

Figure 4 shows how three heat exchanger 
plates, each constructed as shown in Figure 
1, define together two adjacent flow passages 
in a plate heat exchanger. The three plates 
«c m the drawing designated Al, Bl and CI. 80 
Each plate is turned 90° in its own plane rela- 
tive to the adjacent plate. In the arrangement 
shown m Figure 4 this means that die im- 
broken ridges 1 of the plates Al and CI, which 
are turned in the same direction, extend 85 
parallel and are situated just above ^ ^rh other, 
i.e. in the plane <rf the drawing, while the 
iBibrokm ridges 1 of die plate Bl extend per- 
pendicular to the ridges of plates Al and CI, 
As can be seen from the drawing, the under- 90 
neatfa side of the grooves 3 of the plate Al 
extend paxaUel with and abut the pressed-up 
ridges 1 (tf die plate Bl, while the under- 
neath side of the grooves 3 of the plate Bl 
estend parallel with and abut the pressed-up 95 
ridges 1 of the plate CI. Thus^ each of die 
oiannels 5 of die plate Al fonns toother 
widi a ooiiesponding channel 4 of die plate 
B 1 a substantially dosed channd 6 between 
the plate Al and Bl. Shnilarly, dosed chan- 100 
nds are formed between the plates Bl and CI 
by the channds 5 of the plate Bl and the 
chatmels 4 of the pkte CI. 

Figure 5 shows a second embodiment of 
die plate and the difference between this em- 105 
bodiment and that according to Figure 1 is 
that the pressed-up ridges 1 are not con- 
tmuous over didr lengths, but like the de- 
pr«sed grooves 3 have discontinuities at inter- 
vals along their lengths. The discontinuities 110 
need not necessarily be situated at regular 
intervals as shown m this embodiment The 
discontinuities m the lengdis of the ridges 1, 
which in the drawing are designated 7, axe 
situated on opposite sides of die parallebgiam- 1 15 
shaped areas which fonn the bottom of the 
mannds 4 between the ridges 1. The parts of 
the plate situated at the discontinuities 7 axe 
m me same plane as the paralldogram-shaped 
areas, and therefore unbroken p&rts of the 120 
plane 2 of the plate extend paralld widi the 
grooves 3 between the ridges 1. 

Figure 8 shows a section corresponding to 
diat in Figure 4 but showing diree plates A2, 
B2 and C2 constructed as shown in Figure 5. 125 

A third embodiment of the plate is diown 
m Figure 9, and die difference between tiiis 
embodnnent and that diown in Figure 5 is 
diat the discontinuities in die pressed-up 
ndges 1 are situated where die ridges 1 130 
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cross the grooves 3 instead of between these 
gnxjves. The discontinuities are in this em- 
bodiment designated 8> and the parts of die 
plate situated at the discontinuities 8 are in 
the same plane as die paralleiogram-^ped 
areas between die ridges 1 and the gnroves 3, 
i.e. in the previously-mentioned plane 2 of 
the plate. This can be seen from Figures 10 
to 12. 

Figure 12 shows a section corre^ondine to 
the sections in Figures 4 and 8 but of three 
plates A3, B3 and C3 constructed as shown 
in Figure 9, 

In all (rf the above-described embodiments 
15 the paiallelogiam-shaped areas between the 
ridges 1 and the grooves 3 are entirely plane. 
This is not absolutely necessary, and as shown 
in Figures 13 and 14 these areas may be 
stiffened by being bent in one or the other 
20 direction or provided with protuberances. 
Furdierj these parts of the plate, as will be 
evident from the following* need not be situ- 
ated exacdy midway between the crests of the 
ridges 1 and the undemeatii sides of the 
grooves 3. By forming and placing the 
pandldogram-diaped areas of the plate dif- 
ferentiy, it is possible to diange die flow con- 
diticms for the heat exchanging media flowing 
across the plate. 
30 Fieures 15 and 16 diow two Hnd« of hMO- 
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to Figures 1 to 14 can be used. 

Figure 15 shows a so-called cross flow 
plate» in which a first heat exdumging timrfliim 
35 is intended to flow across the plate on one 
side of it from an inlet 9 to an outlet lOj 
while a second heat exdun^g piftrfqun is 
intended to flow on the other side of the platen 
crossing the flow directian of the fir^ medium^ 
40 from an inlet 11 to an outlet 12. The ridges 
1 and grooves 3 are iUustiated in the draw- 
ing by dashed lines. In a package of plates 
of this kind, every second plate is turned 
90° in its own plane relative to its adjacent 
45 plates;, so that the ridges of one plate will 
extend parallel with and abut die undemeadi 
side of the grooves of the adjacent plate. It 
is also possible that every second plale is 
turned around, Le. turned 180° about an axis 
50 extending in the plane of the plate. 

A heat exchanger plate adapted for sub- 
stantiaUy concurrent or counter-current flow 
heat exchange is shown in Figure 16. The 
heat transferring area of tliis pkte is divided 
into three areas F, G and whidi have dif- 
ferot kinds of turbulence effecting protuber- 
ances and depressions. The plate has an inlet 
13 and an oudet 14 for a first heat exchang- 
ing medium which is intended to flow on one 
side of the plate, and an inlet 15 and an out- 
let 16 for a second heat exchanging medium 
which is intended to flow on the opposite side 
of the plate (counter-current flow heat ex- 
change). For defining flow passages between 
65 adjacent plates in a plate heat exchanger 
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each plate has a strip seal 17. The flow of 
the fir^ heat exchanging medium from the 
inlet 13 to the oudet 14 is iUustzated by 
antyws 18.^ 

The object of the above-mentioned division 70 
of the heat transferring surface of the plate 
into areas having different designs of the 
turbulence effecting members is that the heat 
exchanging media should be distributed in 
the best way over all the width of the heat 75 
txansferring surfaces in their passage between 
the inlets and the oudets. To adhieve this» the 
so-called distribution surfaces F and H are 
provided with turbulence effecting members so 
formed that the flow resistance for die medium 80 
entering through the inlet 13 and the inlet 15, 
is substantially less in these distribution sur- 
faces than in tlie central part G of the plate» 
\^ch latter part ccmstitutes the real heat ex- 
dianging surface of die plate. The effects of 85 
certain portions of the heat exchanging media 
flowing a longer way than other portions 
across the distribution surfaces are thus 
reduced. 

The previously described arrangement of 90 
the pressed-up ridges 1 and depressed 
grooves 3, forming an angle therewith, is in 
such heat exchanger plates especially intended 
to be used for the so-called distribution sur- 
lates F and H. 95 

Figure 17 shows a heat exchanger plate 
PI of the same kind as that in Figure 16, in 
wiiidi the distribution surfaces F and H are 
provided with pressed-up ridges 1 (full lines) 
and dqiressed grooves 3 (dashed lines). The 100 
squares fonned on the plates by these ridges 
and nooves constitutB the previously men- 
tioned paraJleJosram-sfaaped aieaa One of the 
ridges In the dutribution surface F is desig- 
nated 19, and one (tf the ridges in the distribu- 105 
tion sur&ce H is designate 20. In the dis- 
tribution surface F, in the area between the 
ridge 19 and the opening 16, the plane 2 of 
the plaii^ Le. the plane S[ the pazallelogram* 
shaped areas, has been di^Iaoed a distance a 110 
perpendicular to the plane of the plate^ so 
that the pressed-up ndges 1 have a height 
above the plane 2 of die plate vrbidx exceeds 
die distance between the plane 2 of the plate 
and the underneath sides of the depressed 115 
grooves 3 by 2Xa. Over the rest of ^ dis- 
tribution surface F the plane 2 of the plate 
is situated in the middle between the crests of 
the ridges and the imdenueath sides of the 
grooves. In the distribution surface H the 120 
plane 2 of the plate is similarly di^laced in 
the area between the ridge 20 and & open- 
ing 15. 

When superunposing one heat exdianger 
plate on another, such as they wfll be put to- 125 
gether in a plate heat exchanger, i.e. with 
one plate turned 180° in its own plane relative 
to the other, two distribution surfaces F and 
H will co-operate in the manner described 
bdow. Figure 18 shows the plate PI of 130 
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Figure 17j and a amilar plate P2, die latter 
being tiuned tluougfa 180°. When t]ie plates 
Fl and F2 are put together, the ridge 19 of 
the plate PI ^nll cross the ridge 20 <rf the 

5 plate P2 in the my that can be seen from 
Figure 18, such that four different areas 
M and N are defined within the two co- 
operating distribudon sur&ces F and H. 
Figures 19 to 21 sbxm secdons through ihe 

10 two cooperating plates PI and P2 ^ong the 
lines k — k in the area K, I— 1 in the area and 
L and m — m in tibe area respectively, in 
Figure 18. The two plates PI and P2 are 
assumed to have in their distributicm surfaces 

15 an arrangement of ridg^ * and grooves as 
^own in Figure 1. If then the thickness of 
the plates Fl and P2, i.e. the distance between 
the plane of the crests of the ridges 1 and 
the plane of the underneath sides of ihe 

20 grooves 3, is designed the width of the 
interspace between the pktes^ Le. tiie height 
of the channds 6 (see Figures 4, 8, 12), 
owing to the previously mentioned displace- 
ment a of the plane 2 of the plate in certain 

25 parts of the distribution surfaces F and ^, 
will be S^a in the area K, S in the area L, 
and S+a in the area iVl. la the area N the 
plane 2 of the plate of both plates is situated 
in the middle between die two said planes 

30 for the crests of the ridges and the under- 
neath sides of the groove^ and therefore the 
width of die plate interspace will be S. (For 
the sake of simplicity no consideration has 
been given to the plate material thickness in 

35 die above calculations of the plate interspace 
widdi). 

Consequently, for liquid that is to flow in 
the interspace between the plates PI and P2 
in Figure 18 from die inlet 13 to the heat 
40 exchanging surfaces G of the plate^ a greater 
flow resistance will arise in the area K of 
the distribution surfaces (see Figure 19) than 
in the areas L (Figure 20) and M (Figure 
21 ) • 

45 By suitable forming of the distribution sur- 
faces F and H it is thus possible to obtain a 
distribution of liquid entermg throu^ the 
inlet 13 (or the inlet 15) in a desired manner 
all over the width of the plates PI and P2. 



50 WHAT WE CLAIM IS: — 

1. A plate for a plate heat exchanger, 
wherehi the heat transferring part of the plate 
comprises a plurality of side-by-side ridges 
pressed up from a plane of ^e plate^ and of 

55 side-by-side grooves forming an angje with the 
ridges and depressed from the same plane of 
the platen the ridges on one side of die plate 
as well as the ridges on the other side of the 
plate formed by the depressed grooves being 

60 arranged, when two such plates, are brought 
into face-to-face abutting relationship to de- 
fine a plurality of channels for the heat ex- 
changing media, each of which channels ex* 



tends past a number of grooves or ridges, re- 
spectively, in the plate. 65 

2. A plate according to claim 1, wherein 
at least some of the grooves each have one or 
mcNce disoontinuiti^ along their lengths. 

3. A plate according to claim 2, v^erein 

at least some of the pressed-up ridges have 70 
discontinuities along their lengths. 

4- A plate according to claim 3, wherein 
crossing ridges and grooves have discon- 
tinuities at the common crossing points. 

5. A plate according to claim 3, wherein 75 
die discontinuities of doe grooves are formed 

by the ridges which have discontinuities along 
deir lengths so situated that unbrolcen por- 
ticms of die plane of the plate extend gener- 
ally parallel with the grooves through die 80 
discontinuities in the ridges. 

6. A plate according to any of daims 2 to 
5, wherein the parts of the plate situated at 
the said discratinuities are in the ^ipp plane 

as the said plane of the plate. 85 

7. A plate aocoxding to any of the pzeced- 
iog daims^ wherein the pressed-up ridges and 
die grooves are strai^it. 

8. A plate according to any of the preceding 
claims, wherein the grooves extend perpen- 90 
dicular to the ridges. 

9. A plate according to ai^ of the preced- 
ing claims, wherein the plane of the plate is 
provided with protuberances and/or depres- 
sions in the porticms whidi form the bottoms 95 
.of the channels. 

10. A pkle according to any of the preced- 
ing claims, wherein the ridges and the grooves 
extend along the plate in sudi a manner tfigf 
when two plates are mounted in a plate heat 100 
exchanger, ridges on one plate abut along the 
whole or a part of their lengdis against ridges 

on the other pkte and extend parallel thereto. 

11. A plate according to any of die preced- 
ing dmms, having two pairs of openings for 105 
respective heat exchanging media^ the two 
openings for the same medium being situated 

at the sanie edge of the plate, wherein the 
plate has distribution surfaces adjacent the re- 
spective openings of one pair in which the 110 
pressed-up ridges extend away from the open- 
ings towards the opposite edge of the plate. 

12. A plate according to daim 11, wherem 
in the part of the distrSnition surjfoce situated 
adjacent the inlet opening for one medium be- 115 
tween said inlet opening and the opposite 
edge of the plate;, the plane of the plate is 

so disi^aced in the direction perpendicular 
to the plate that die dmnnels formed between 
the pressed-up ridges are deeper along the 120 
whole or a part of their lengths than die chan- 
nels betweai the ridges situated along the 
shortest flowpath between the said inlet open- 
ing and the heat exdianging surface of the 
plate between said distribution surfaces. 125 

13. A plate for a plate heat exchanger 
constructed and arranged substantially as here- 
in described widi reference to Figures 1 to 3, • 
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5 to 7, or 9 tD 11, or as modified by Figure 
13 or 14, or to Figura 15, 16 or 17. 

14. A heat exdhanger compxisiag two or 
more plates according to any of the preced- 
ing daitns. 

15. A heat exdianger constructed and 
arranged substantially as herein described v/i^ 
reference to Figures 4, 8, 12 or 18 to 21 of 
the accompanying drawings. 
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